22 Retinal ganglion cells (GCs) are a functionally diverse neuron population that encodes and 23 transmits distinct representations of the visual image on the retina to target nuclei in the brain.
49 types is still lacking. As a consequence, ongoing efforts are aimed at identifying mouse lines 50 with selective expression in one or small number of neuron types, which are most useful for 51 targeted studies. Here, we report on one such line, Somatostatin-IRES-Cre (Taniguchi et al., 52 2011).
53
To represent the visual image transduced by the photoreceptors, neuronal circuits filter 54 different aspects of the visual input into multiple parallel signaling pathways. At the level of the 55 retinal output, the ganglion cell layer, these parallel pathways culminate in a set of spatially 56 overlapping GC types with diverse visual responses. The most recent classification of these 57 types in mouse distinguished 39 GC types, based on exhaustive population calcium imaging 58 and hierarchical clustering of their visually-evoked responses and (Baden et al., 2016) . A 59 major current challenge is to explain this functional diversity at the cellular and circuit level.
60
Two major experimental approaches toward this goal-functional imaging and whole-61 cell electrophysiology-benefit directly and strongly from selective genetic access to each of 62 the identified GC types. A recent tally lists eighteen identified GC types in existing transgenic 63 mouse lines (Sumbul et al., 2014; Sanes and Masland, 2015) . Thus, we currently still lack 64 genetic access to about half of the defined GC types, and the search for useful GC expression 65 patterns in existing mutant mouse lines is necessary, and ongoing.
66
The Somatostatin-IRES-Cre (Sst-Cre) line has been used extensively to study 67 inhibitory interneurons in cortical neural circuits (Scheyltjens and Arckens, 2016) . Inhibitory 68 interneurons including GABAergic amacrine cells (ACs) in the retina, too, are known to 69 express somatostatin (SST) (Larsen et al., 1990; White et al., 1990) . Interestingly, crossed 70 with a Cre-dependent fluorescent reporter line, retinae of Sst-Cre mice show fluorescent label 71 also in a subset of (excitatory) GCs, likely through low-level Sst gene expression (Martersteck 72 et al., 2017) . While SST expression in mammalian retinal GCs has been reported previously 4 73 (Rickman et al., 1996) , whether the Cre-expressing GCs observed in Sst-Cre mice comprise a 74 fixed and limited subset of GC types, and if so, which types they are, is not known.
75
To address this, we crossed the Sst-Cre mouse with Cre-dependent reporter mouse 76 lines (Ai9, Thy1-stop-YFP, or Ai95; Buffelli et al., 2003; Madisen et al., 2010; Madisen et al., 77 2015) and determined the morphological and electrophysiological characteristics of genetically 78 labeled GCs using targeted dye-fills of isolated cells, electrophysiological whole-cell recording, 79 and two-photon fluorescence calcium imaging. While Sst-Cre labels multiple GCs types, we 80 consistently encountered four subtypes that each accounted for between 7% and 16% of the 81 total labeled GC population. Of these four types, two were of particular current interest. The 82 first type functionally and anatomically matches the recently reported suppressed-by-contrast 83 cell (SBC; (Tien et al., 2015) , an apparent analog of the uniformity detector (UD) GC reported 84 in rabbit (Sivyer et al., 2010) . The second type matches one of the recently described 85 orientation selective, non-direction selective GCs (OS GC; (Nath and Schwartz, 2017) 86 discovered through 'blind' (non-targeted) recording of unlabeled GC populations. Our results 87 demonstrate that the Sst-Cre transgenic mouse line is useful for efficient studies of a select 88 subpopulation of excitatory neuron types in the mouse retina. 
127
Electrophysiology. Fluorescently labeled neurons were targeted for whole-cell recording using 128 a custom built two-photon microscope set for emission at 925 nm. The two-photon microscope 129 was controlled by ScanImage software, v3.8 (www.scanimage.org; (Pologruto et al., 2003) .
130
Glass electrodes (4-7.5 MΩ resistance) were pulled using a P-97 pipette puller (Sutter 131 Instruments, California). The intracellular solution contained (in mM): 120 Cs-132 methanesulfonate, 5 TEA-Cl, 10 HEPES, 10 BAPTA, 3 NaCl, 2 QX-314-Cl, 4 ATP-Mg, 0.4 133 GTP-Na 2 , and 10 phosphocreatine-Tris 2 (pH 7.3, 280 mOsm). Excitatory and inhibitory 134 currents were recorded at the reversal potential for chloride (-68 mV) or cations (+15 mV), Figure 1F ). In some instances, 208 neurobiotin fills resulted in additional labeling of nearby cell bodies. These cells, all apparent 209 ACs, were labeled through gap junction coupling with the neurobiotin-filled Sst-Cre GC (Fig   210   1D ). Quantitative analysis of stratification depth showed that many Sst-Cre positive GCs 8 211 stratified between the ChAT bands, indicating that the labeled population was non-direction 212 selective and received predominant synaptic input from bipolar cell types with axon terminals 213 in the central IPL, only ( Figure 1F ). Quantitative analysis of length-to-width ratio (L:W) showed 214 that the dendritic arbors of a subset of Sst-Cre positive GCs was distinctly asymmetrical (L:W 215 ratio < 1.33; Figure 1F , example GC shown in Figure 1C ). This asymmetric dendritic 216 morphology predicts that at least some Sst-Cre positive GCs are intrinsically orientation 217 selective, which we confirm below. 
249
Calcium imaging at the population level consistently revealed a GC type whose 250 calcium response was strongly suppressed during all directions of motion of the drifting 251 grating stimulus. These cells showed substantial fluorescence during presentation of a mid-252 level grey background prior to grating onset, suggesting tonic excitation to a static and 253 spatially uniform background. High baseline fluorescence in these cells was reduced following 254 the onset of all eight orientations of our drifting grating stimulus, suggesting tonic suppression 255 of the cells' responses during the stimulus presentation (Fig 2E) . This specific visually-evoked 256 response pattern matches that of the previously described suppressed by contrast GC (Tien 
285
Most Sst-Cre positive cells showed a large inhibitory conductance, typically at both 286 onset and offset, and a relatively small excitatory conductance (Fig. 3) . Example 287 conductances and the average ON and OFF excitatory and inhibitory conductances are 288 shown for the four most frequently recorded Sst-Cre GC response types ( Figure 3A-D) . These
289
GC types accounted for 38.9% of the total number of GCs recorded (n=58/149), comprising 290 16.7% ( Figure 3A ), 10% ( Figure 3B ), 6% ( Figure 3C ), and 6% ( Figure 3D ) of the recorded 291 population.
292
The electrophysiological recordings identified a cell type that was distinctly suppressed 293 by contrast, consistent with the calcium imaging experiments. Similar to the SBC in a previous 294 report (Tien et al., 2015) , this cell type was characterized by an increase in inhibitory 295 conductance to light decrements and massive inhibition during light increments, along with 296 suppression of excitatory currents during light decrements ( Figure 3C ).
297
Analysis of membrane voltage and excitatory and inhibitory currents in response to 298 drifting gratings further revealed a GC type that was strongly orientation-tuned ( Figure 4A, B; 299 B, example OSi = 0.76). Both the excitatory and inhibitory currents reflected the OS of the 300 membrane voltage response, but OS of the excitatory input was typically dominant. We found 301 a similar trend when comparing the OSi of the excitatory currents to the OSi of the inhibitory 302 currents ( Figure 4C ). When plotting excitatory current OSi versus inhibitory current OSi, the 303 majority of the data points lie to the left/above the unity line, i.e., where data points would fall if
304
OSi values of both currents were equal ( Figure 4C ). Instead, a linear fit to the data shows a 305 slope of 1.26, indicating greater OSi of the excitatory current compared with OSi of the 306 inhibitory current recorded in the same cell. This suggests that the excitatory input to GCs 307 may drive OS to a larger degree than inhibitory currents. This is intriguing, and could reflect 308 oriented excitatory input, for example from elongated dendritic morphology. 
324
To test this, we compared the L:W ratio (length of the dendritic arbor at its greatest 325 spatial extent, divided by the length of the orthogonal extent) of recorded GCs to their 326 respective OSi values. We found a weak correlation at best between L:W ratio and OSi
327
( Figure 4D ). Indeed, linear regression analysis showed that just 13.46% of the OSi variation 328 can be accounted for by the size of the L:W ratio. This suggests that OS in these GCs is an 329 emergent, circuit-level property rather than a consequence of asymmetric dendritic 
